BACKGROUND: Despite growing emphasis on transitional care to reduce costs and improve quality, few studies have examined transitional care improvements in socioeconomically disadvantaged adults. It is important to consider these patients separately as many are high-utilizers, have different needs, and may have different responses to interventions. OBJECTIVE: To evaluate the impact of a multicomponent transitional care improvement program on 30-day readmissions, emergency department (ED) use, transitional care quality, and mortality. DESIGN: Clustered randomized controlled trial conducted at a single urban academic medical center in Portland, Oregon. PARTICIPANTS: Three hundred eighty-two hospitalized low-income adults admitted to general medicine or cardiology who were uninsured or had public insurance. INTERVENTION: Multicomponent intervention including (1) transitional nurse coaching and education, including home visits for highest risk patients; (2) pharmacy care, including provision of 30 days of medications after discharge for those without prescription drug coverage; (3) post-hospital primary care linkages; (4) systems integration and continuous quality improvement. MEASUREMENTS: Primary outcomes included 30-day inpatient readmission and ED use. Readmission data were obtained using state-wide administrative data for all participants (insured and uninsured). Secondary outcomes included quality (3-item Care Transitions Measure) and mortality. Research staff administering questionnaires and assessing outcomes were blinded. RESULTS: There was no significant difference in 30-day readmission between C-TraIn (30/209, 14.4 %) and control patients (27/173, 16.1 %), p=0.644, or in ED visits between C-TraIn (51/209, 24.4 %) and control (33/ 173, 19.6 %), p=0.271. C-TraIn was associated with improved transitional care quality; 47.3 % (71/150) of CTraIn patients reported a high quality transition compared to 30.3 % (36/119) control patients, odds ratio 2.17 (95 % CI 1.30-3.64). Zero C-TraIn patients died in the 30-day post-discharge period compared with five in the control group (unadjusted p=0.02). CONCLUSIONS: C-TraIn did not reduce 30-day inpatient readmissions or ED use; however, it improved transitional care quality.
INTRODUCTION
Poorly executed care transitions from hospital to home may contribute to a higher risk of hospital readmission and emergency department use 1 , threaten patient safety 2 , and detract from patient-centered care 3 . During the post-discharge period, patients report confusion about their medications and when to seek additional care, difficulty accessing their providers, and concern that information is not being communicated across sites [3] [4] [5] . These challenges are compounded in socioeconomically disadvantaged patients who have a higher prevalence of mental health and substance abuse disorders, limited social support, as well as difficulty accessing medications and timely outpatient care. 3, [5] [6] [7] Reducing 30-day readmissions, which represent a significant burden on the health care system, has become an important focus of recent health policy initiatives designed to spur transitional care quality improvement and save on costs associated with potentially preventable readmissions. 8, 9 While some transitional care interventions have not reduced readmission rates, 2,10 a number of interventions have. [11] [12] [13] Most of these programs have been conducted in settings where patients have access to outpatient care, and many have included older patients enrolled in HMOs. Few studies have assessed interventions designed specifically for socioeconomically disadvantaged individuals who may have different needs and different responses to interventions.
We developed a multicomponent transitional care intervention, called the Care Transitions Innovation (C-Train), for uninsured and low-income publicly insured adults. In this article, we report the results of a clustered randomized controlled trial examining the effects of C-Train on hospital readmission, emergency department (ED) use, and transitional care quality.
METHODS
Study Design. We conducted a single-center cluster randomized trial to evaluate the impact of C-TraIn. Earlier publications describe C-TraIn's development and design. 4, 14 Intervention Description of Usual Care. Usual care consisted of (1) routine inpatient nurse intake that includes screening about housing, substance abuse, and functional status; and (2) medication reconciliation performed by treating physicians. Given resource constraints, at the time of our study, routine medication reconciliation did not include corroborating medication histories with outpatient pharmacies, routine use of pill cards or pill boxes, or review of Medicaid formularies. Uninsured patients were financially responsible for postdischarge medications. (3) Discharge patient education was performed by inpatient nurses and treating physicians. For patients with heart failure, many received additional patient education and occasionally a home visit from a heart failure nurse practitioner. (4) There were no well-developed partnerships between hospital and clinics for uninsured or Medicaid patients and no systematic approach to securing post-discharge follow-up care. Any care coordination of postdischarge services was performed by inpatient care managers, social workers, and treating physician teams. (5) Patients without a usual source of care were often given a list of 14 area safety-net clinics, which have limited capacity for uncompensated care. Our prior work showed that uninsured-and to a lesser degree Medicaid-patients had difficulty establishing primary care and frequently could not access appointments or navigate the complex system. 4, 14 Description of Intervention. C-TraIn was delivered in addition to usual care. The intervention began early upon hospitalization and continued through 30 days post-discharge.
C-TraIn consists of four main components including (1) transitional nurse coaching and education, including postdischarge phone calls and home visits for highest risk patients; (2) pharmacy care that includes patient education, medication reconciliation, guidance to inpatient providers to encourage low-cost medications, and provision of 30 days of medications at discharge for those without prescription drug coverage; (3) post-hospital primary care linkages; (4) and explicit efforts at system integration through monthly quality improvement meetings. 4 After the intervention period, patients maintained access to primary care. Though they were no longer given free medications, patients without prescription coverage could access prescription medications through clinic dispensaries and $4 formularies. The C-TraIn nurse could access a needs assessment that was administered by blinded researchers upon study enrollment. She used a framework to guide intervention dosing (Appendix A 15 ) based on medical complexity, psychosocial need, and prior utilization. This was not a formal risk scoring system. Rather, it was a guide, and followup amount ultimately fell to the nurse's discretion.
Sample Size. We based target enrollment of 200 intervention and 200 control patients on the anticipated transitional care nurse capacity for 1 year. Assuming a 25 % baseline rate of readmission (based on patient self-reported rates and OHSU administrative data 15 ), our study would have 82 % power to detect an absolute reduction in readmission rate of 12 % assuming an alpha of 0.05 and a between-cluster standard deviation of 0.15.
Blinding. Researchers performing surveys/consent and outcome assessors remained blinded to intervention status throughout the enrollment period. Upon consent, participants were told they had a 50-50 chance of being enrolled in a program designed to improve transitional care quality; however, intervention status was not disclosed, and the components distinguishing intervention and usual care were not described to participants.
SETTING AND PARTICIPANTS
C-TraIn was conducted at a single, urban, academic medical center in Portland, Oregon, prior to development of regional Coordinated Care Organizations (CCOs). Among patients admitted to general medicine and cardiology wards in the year prior to C-TraIn implementation, 15 % were uninsured and 19 % had Medicaid. 4 Medical inpatients at OHSU are randomly assigned to one of six general medicine teams or, for those with primary cardiac problems, a cardiology team. Eligible patients were hospitalized on one of these seven study teams and had to: (1) be uninsured or low-income publicly insured (Medicaid, Medicare/Medicaid, or Medicare without supplemental insurance and ≤200 % poverty level), (2) reside in one of three metro-area counties (Multnomah, Washington, Clackamas), (3) be community dwelling (i.e., not from a long-term care facility), (4) have access to a working telephone (participants could list a friend or shelter phone), (5) speak English, (6) be HIV negative (HIV+ patients were eligible for overlapping transitional care resources), (7) have no disabling mental illness (as characterized by active psychosis or active suicidal ideation) or severe cognitive deficits, and (8) have no plans to enter hospice.
MEASUREMENTS Outcomes and Follow-up
All outcomes were pre-specified. Hypothesis and outcome measures pertain to the individual with analysis that accounts for clustering. Primary outcomes included rates of 30-day readmission and emergency department use. We assessed 30-day readmissions using the Oregon Hospital Discharge Dataset (HDD), which includes information from all Oregon hospitals and two Southwest Washington hospitals and has been used in other studies with similar populations. 16, 17 The dataset matches individuals by name and demographics and includes uninsured and insured individuals. It includes inpatient admission and discharges and excludes encounters coded with observation codes. We assessed 30-day ED use using a research data warehouse that includes all OHSU utilization. 18 There were no changes to study outcomes after the trial commenced.
Mortality in both groups was assessed through chart review and state death records. For participants who did not respond to 30-day surveys, research staff queried the electronic health record and state death records. 19 We measured transitional care quality using the 3-item Care Transitions Measure. 1 Blinded researchers abstracted chart data on patient demographics and diagnoses at the time of initial recruitment. Baseline survey data consisted of demographics; outpatient and inpatient access and utilization; medication barriers; patient activation; social support; depression screening (PHQ2); self-rated health (EQ5D); health literacy; functional status; and drug, tobacco, and alcohol usage. The Charlson-Deyo comorbidity index was derived from the electronic record.
DATA COLLECTION

Randomization and Recruitment
We enrolled consecutive eligible hospitalized patients. Though physician teams were not given special trainings, we anticipated the possibility of contamination effects if a given team cared for intervention and control patients. To minimize this, we used a clustered study design according to hospital team. Using coin flip, four teams were randomly assigned to intervention (usual care plus C-TraIn) and three were assigned to control (usual care alone). Teams crossed over at 3-month intervals (total of 4 crossovers) (see Appendix B
15 for detailed visual of cluster design). Each cluster was unique: residents/ interns change monthly, and attendings change every 2 weeks. General medicine patients were assigned to one of six teams based on an on-call rotation that was pre-determined and independent from team randomization. Cardiology patients were assigned based on admission diagnosis. One medical team was added after the first 3-month interval to meet recruitment goals. Otherwise, there were no important changes in eligibility criteria or methods.
Researchers identified participants upon hospitalization using daily automated lists in the electronic health record. They obtained written consent to perform surveys and obtain demographic and utilization data. They enrolled participants Monday through Friday. A blinded researcher contacted all participants by telephone 30 days after discharge. Participants received a $5 Subway® gift card for completing the baseline survey, and the card was reloaded with $10 after participants completed the 30-day survey.
Analyses
Bivariate comparisons to compare responders and nonresponders and to assess randomization used chi-square tests for independence and t-tests for comparison of means. To compare the intervention and control groups on the primary outcomes of hospital readmission and emergency department visits and the secondary outcome of care transitions measure, we used generalized linear mixed models for binomial outcomes with each outcome as the dependent variable. All models included a fixed effect for the intervention group and a random effect to account for patient-level clustering by study team. Patient-level covariates were examined, but these did not affect the magnitude or direction of the intervention effects so covariates were excluded from the final models. Covariates examined included age, gender, and the Enhanced Charlson comorbidity index. Odds ratios and 95 % confidence intervals were calculated from the model estimates.
RESULTS
Between November 2010 and January 2012, we screened 2,290 patients, of whom 382 were enrolled (209 to intervention team, 173 to control; Figure 1 ). Of those enrolled, 293 (76.7 %) completed a follow-up phone survey 30 days after index discharge, with a similar proportion of patients responding in the intervention and control groups (78.5 vs. 74.6 %, p=0.37). Survey non-responders were more likely to be uninsured (50 % vs. 38 %, p=0.04), have marginal housing (39.1 % vs. 26.9 %, p=0.03), drink alcohol or use illicit substances (69.7 % vs. 54.9 %, p= 0.01), and have limited access to outpatient care (64 % vs. 51.2 %, p=0.03) (Appendix C 15 ). Intervention and control groups were well matched, and there were no significant differences in any variables between the groups ( Table 1 ). The majority of participants were men, over half were uninsured, over three-fourths lacked a usual source of primary care, over 40 % had a history of illegal drug use, and over one-quarter had marginal housing.
Among intervention patients, 49.7 % (104/209) received a home visit and 92.8 % (194/209) received an inpatient pharmacy consultation. New primary care linkages were established in 42.1 % of patients (88/209), including 68.7 % (68/100) uninsured and 16.8 % (20/119) publicly uninsured patients. Table 2 provides examples of C-TraIn care, highlighting examples of how intervention components worked in this population. C-TraIn was associated with improved transitional care quality, as assessed by the 3-item Care Transitions Measure.
1 Finally, C-TraIn was associated with lower mortality. Zero C-TraIn patients died in the 30 days post discharge compared with five controls (unadjusted p= 0.02).
Basic intervention costs, including nurse and pharmacist salary, totaled $129,539; additional costs for uninsured patients totaled $110,876 and included payments for medical homes ($104,960) and medication costs ($5,916). Average cost per publicly insured patient approximated $620 and $1,552 per uninsured patient. A detailed cost description is included in Appendix D. 
DISCUSSION
We found that a multicomponent transitional care intervention for socioeconomically disadvantaged adults did not reduce 30-day readmissions or ED visits; however, it improved transitional care quality and was associated with reduced mortality.
There are several possible reasons why our intervention did not reduce readmissions. It is possible that a different or more intensive intervention could reduce readmissions. We are, in fact, testing this as C-TraIn teams are partnering with community outreach workers who focus entirely on social determinants of health in the context of regional health 
Monthly improvement meetings
Case reviews ground quality improvement Uninsured woman with new diabetes was taught to use three different glucometers over course of her hospitalization and 30-day post-discharge. In-and outpatient pharmacists coordinated to use a common glucometer and test strip sets among (1) the hospital-based diabetic educator, (2) the C-TraIn formulary, and (3) FQHC dispensary reform. 22 However, C-TraIn was an intensive intervention that improved transitional care quality and was informed by both local needs 4 and other interventions that reduced readmissions in different populations, 11, 12, 23 suggesting that the nature of the intervention may not entirely explain our findings. Another important difference may be that other transitional care interventions selected patients based on specific disease categories, [10] [11] [12] [13] whereas ours were broadly selected. It is possible that targeting specific chronic illnesses might yield different results. Additionally, few studies have targeted socioeconomically vulnerable patients, many of whom are at even higher risk for adverse outcomes at times of transitions. 6 Our findings are similar to a recently published study in a similar population that also found improvements in processes of care and patient experience, but no consistent effect on readmission 24 . It is also possible that many readmissions are not preventable. 25, 26 Though several interventions in different populations have lowered readmissions, [11] [12] [13] 23 many have failed.
10,2
Estimates of the proportion of readmissions that are preventable have ranged widely 26 , in part because the definitions and methods used to characterize preventability have varied broadly, supporting that true rates are unknown. This may be particularly true in socioeconomically disadvantaged patients, for whom intensive self-management and other transitions activities may be of lesser priority or less feasible 5 . For example, a patient with food insecurity and homelessness-even if supported-may not be able to effectively manage diabetes enough to prevent readmission.
The finding that C-TraIn, despite not lowering readmission rates, was associated with lower mortality is interesting, but warrants further study and confirmation in larger trials. The relationship between readmission and mortality outcomes has been disputed. 27, 28 It is plausible that, with closer follow-up and enhanced access to outpatient care, our intervention recognized ill people earlier and linked them to needed care, thus improving mortality without reducing hospitalizations. Indeed, prior studies have shown that more intensive outpatient care may result in more, not fewer, hospitalizations for chronic conditions in severely ill adults 32 and that expanded insurance to low-income uninsured adults may increase hospitalizations. [29] [30] [31] Our study adds to the transitional care literature in two main ways. First, few interventions have been designed specifically for socioeconomically disadvantaged populations in which lack of access to medications, outpatient care, and a sense of abandonment after discharge are important issues. 24 The CTrain intervention was designed to minimize the impact of these challenges while promoting transitional care quality improvements. Many components of C-TraIn are similar to prior interventions (i.e., development of a personal health record, 11 post-hospital home visits, 11, 13 detailed medication reconciliation, 12, 32 and post-hospital phone calls 7, 33 ), though the way these components add value may be different in our socioeconomically vulnerable population in a non-integrated system, as highlighted in Table 2 .
Second, we are one of the first studies to look at communitylevel systems integration through hospital and community clinic partnerships. Initially, our team found the diverse needs of this population overwhelming and that the intervention needed to use the C-TraIn experience as a platform for broader system change. By bringing together multidisciplinary providers from across the care continuum and grounding monthly discussions in patient cases, we identified, prioritized, and fixed system gaps to improve information flow, care coordination across sites, and understanding of services available at different sites. Furthermore, C-TraIn's structured integration of inpatient and outpatient clinical sites may have additional value given current Accountable Care Organization models, which emphasize shared accountability. Indeed, this is one reason that OHSU has continued to fund C-TraIn despite unchanged readmission rates. There are several notable limitations. This was a singlecenter study at an academic medical center. which may limit generalizability to other settings. It is possible that the transitional care nurse and pharmacist absorbed work typically done by hospital-based care managers and social workers, allowing them more time to coordinate resources for non-C-TraIn patients and thus changing the quality of 'usual care. ' We do not know the proportion of patients (usual care or C-TraIn) who received additional home services such as a home visit, and this may have differed across groups; however, given the lack of such resources for the uninsured in our community, this is unlikely. Survey non-responders were different from responders. This may have affected results of the care transitions measure; however, this imbalance would not have affected utilization or mortality because we had administrative data on all patients. Our study was limited to English speakers. While this excluded only a small number of participants, it may limit relevance to other safety-net settings, and our future work includes non-English speakers. Finally, our study may have been underpowered to detect smaller-yet still clinically relevant-reductions in readmission rates. Readmission rates were lower than anticipated, in part because statewide records do not include observation readmissions, and this may have further diminished power. However, given that the observed point estimate and confidence interval were not close to showing a significant difference between groups, a moderate increase in precision would likely not have altered our conclusions. Furthermore, an analysis using OHSU-only data that included inpatient and observation readmissions (and therefore higher baseline event rates) also showed similar readmission rates in the intervention and control groups (26.8 % vs. 24.3 %, p= 0.51). Also, our findings are consistent with many other studies showing that transitional care interventions have not always successfully reduced readmission rates. 10, 34, 24 We are currently exploring partnerships with C-TraIn teams and community-based outreach workers who focus entirely on social determinants to learn whether these linkages might improve utilization and care quality among hospitalized adults with complex medical and social transitional care needs. Other future studies might consider combining a highly intensive intervention such as ours with post-hospital phone-based interventions 33, 34 to identify those needing home visits and close-term follow-up. Additionally, our mortality findings are hypothesis generating, and the association of readmissions and mortality warrants future study. While we used 30-day readmission as a proxy for cost, future studies may warrant more costeffectiveness analysis.
In conclusion, a multicomponent transitional care intervention for socioeconomically vulnerable adults did not reduce inpatient readmissions or repeat ED use. Implementing C-Train did, however, improve patientperceived care quality and strengthened hospital-community linkages and collaboration across disciplines. These improvements may be especially relevant as we move toward models of shared risk across health systems and settings and as patient-centered care metrics become part of the payment reward structure.
